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SUMMARY 


A  primary  goal  of  Army  aviation  safety  is  to  determine  those  factors 
that  play  a  major  role  in  aircraft  accidents  and  identify  the  actions  re¬ 
quired  to  prevent  their  recurrence,  i.e.,  what  happened,  what  caused  it  to 
happen,  and  what  to  do  about  it--3W.  This  report  is  the  third  in  a  series 
of  annual  studies  prepared  in  support  of  this  goal.  It  is  intended  to  pro¬ 
vide  information  to  all  levels  of  Army  management  for  the  correction  of 
system  hazards  that  will  best  conserve  aviation  resources  and  maintain 
the  highest  level  of  operational  mission  effectiveness.  This  information 
should  be  particularly  useful  for  trade-off  decisions  in  areas  where  funds 
are  limited  for  improvements  in  aircraft  hardware  and  personnel  training. 

The  data  used  for  this  report  were  obtained  through  a  review/analysis  of 
all  Army  aircraft  accidents  that  occurred  during  fiscal  year  1978  (FY  78) . 
Out  of  90  accident  reports,  there  are  69  with  sufficient  information  to 
be  coded  and  analyzed  according  to  the  requirements  of  the  3W  method  (task 
error  and  materiel  failure/malfunction  analysis  only) .  Twenty-seven 
different  system  inadequacies  or  hazards  are  identified.  These  are 
rank-ordered  in  decreasing  order  of  significance  based  on  frequency, 
severity  of  injury,  damage  to  aircraft,  and  dollar  losses.  The  top  five 
hazards  are  (1)  inadequate  judgment  ,  (2)  improperly  designed  equipment, 

(3)  inadequate  written  procedures,  (4)  inattention,  and  (5)  inadequate 
motivation  or  mood.  These  are  general  hazard  categories  that  are 
operationally  defined  and  discussed  in  the  report. 

Prevention  requirements  or  actions  based  on  the  FY  78  data  fall  into 
six  general  areas.  These  requirements  are  presented  regardless  of  any 
actions  taken  or  in  progress.  The  primary  requirements  addressed  under 
these  areas  are: 

(1)  reevaluate  the  OH-58  tail  rotor  and  T63-A-700  engine  to  determine 
their  adequacy  for  today's  missions, 

(2)  develop  a  program  to  effectively  reduce  the  problem  of  rotary 
wing  aviators  operating  their  aircraft  at  terrain  flight 
altitudes  when  such  flight  is  not  mission  required  or  authorized, 
and  where  the  requirements  of  FM  1-1,  Terrain  Flight,  are  ignored, 

(3)  provide  the  OH-58  aircraft  with  an  improved  materiel  design,  i.e., 
heater/defogger  system,  landing  lights,  engine  bearing  outer 
race,  engine  power  turbine  shaft  outer  coupling  nut,  and  fuel 
filter  valve  drain, 


(4)  investigate  means  for  improving  current  methods  of  computing 
aircraft  weight  and  balance  and  aircraft  performance,  and 

(5)  revise  maintenance  manuals  to  provide  more  specific  guidelines 
regarding  inspection  and  calibration  procedures. 

Other  requirements  indicated  by  the  results  are  also  discussed. 

These  included 

(1)  Perform  a  multi-year  hazard  analysis  study  similar  to  this  report. 

(2)  Conduct  an  LOH  hazard  analysis  study  to  identify  prevention 
requirements  in  current  LOH  aircraft  as  well  as  those  relevant 
to  the  Advanced  Scout  Helicopter. 

(3)  Develop  an  aircraft  flight/crash  data  recorder,  and 

(4)  Establish  an  automated  record  of  each  aviator's  flight  activity. 

Appendices  to  this  report  array  information  in  several  cross  reference 
formats  for  ease  of  use  by  various  management  interests.  For  example, 
those  interested  in  the  task  errors  or  materiel  failures  occurring  in  a 
particular  type  aircraft,  i.e.,  utility  helicopters,  can  use  the  informa¬ 
tion  provided  in  appendices  B  and  G.  Task  errors  or  materiel  failures 
caused  by  a  particular  hazard,  i.e.,  improperly  designed  equipment,  can  be 
found  in  appendices  D  and  G. 
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3W  ANALYSIS  OF  FY  78  ARMY  AIRCRAFT  ACCIDENTS 
INTRODUCTION 


A  primary  goal  of  aircraft  accident  investigation,  analysis  and 
research  is  to  find  the  causes  of  accidents  and  develop  actions  necessary 
to  prevent  similar  occurrences.  To  better  accomplish  this  goal,  a  special 
type  of  approach  was  developed  for  the  analysis  and  reporting  of  accident 
investigations.  This  approach  requires  that  each  accident  investigation 
determine  what  happened,  what  caused  it  to  happen,  and  what  to  do  about 
it  (3W)  with  respect  to  man,  machine  or  environment  as  definite  cause 
factors.  The  "what  caused  or  contributed  to  a  failure"  has  been  often 
overlooked  in  past  accident  report  data.  This  systematic  approach, 
termed  the  3W  approach,  was  used  to  analyze  two  prior  years  of  accident 
data  and  resulted  in  two  reports:  Analysis  of  FY  76  Army  Aircraft 
Accidents  that  Involved  Human  Error,  March  1977  (reference  6),  and 
Analysis  of  FY  77  Army  Aircraft  Accidents,  January  1978  (reference  7). 

Objectives:  The  ultimate  goal  of  this  effort  is  like  that  of  System 
Safety  Programs  ...  to  maintain  the  highest  level  of  operational  mission 
effectiveness  through  the  conservation  of  aviation  resources  by  early 
identification,  evaluation ,  and  correction  of  system  hazards.  The 
following  are  objectives  for  attaining  this  goal: 

1.  Identify  the  significant*  man  and  machine  hazards  in  the  Army 
aviation  system. 

2.  Determine  the  most  pressing  hazard  prevention  requirements  or 
actions. 


3.  Provide  specific  and  detailed  feedback  to  various  levels  of 
management  regarding  aviation  hazards,  suggested  remedies,  and  actions 
in  progress  or  completed  to  preclude  recurrence. 

Some  of  the  intended  uses  of  this  report  include  (1)  acting  as  a  key 
element  of  information  for  use  in  system  safety  programs,  (2)  providing 
information  to  make  Army  level  management  cognizant  of  aviation  hazards 
and  prevention  requirements,  (3)  identifying  and  directing  research  and 
development  requirements  for  current  and  future  aircraft,  (4)  determining 
areas  of  emphasis  and  needs  for  improvements  in  unit  and  school  training, 

(5)  identifying  inadequacies  and  improvements  needed  in  Army  regulations, 
field  manuals  and  other  written  guidelines  that  direct  human  behavior,  and 

(6)  providing  feedback  to  unit  and  command  personnel  regarding  aviation 
hazards  and  suggested  remedies.  This  information  should  increase  the 


♦Significant  refers  to  the  exclusion  of  suspected  cause  factors  and  the 
rank-ordering  of  definite  cause  factors  in  terms  of  importance  for 
remedial  action(s). 
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knowledge  and  awareness  of  current  problem  areas  in  the  field  environment, 
help  maintain  higher  levels  of  interest  in  aviation  safety,  and  act  as  a 
tool  in  the  area  of  hazard  prevention. 

It  is  generally  accepted  that  funding  for  improvements  in  aircraft 
hardware  and  personnel  training  will  be  minimal.  The  increase  in  sophisti¬ 
cation  and  cost  of  future  aircraft  make  it  imperative  that  these  limited 
funds  be  well  spent.  This  report  was  designed  to  provide  information  to 
managers  at  all  levels  to  help  them  optimize  expenditures. 


METHOD 

A  brief  outline  of  the  method  used  to  prepare  this  report  is  presented 
below.  A  more  detailed  explanation  of  the  method  can  be  found  in  appendix 
F. 

Data  Source.  Data  used  for  this  report  was  obtained  by  a  review/analysis 
of  all  FY  78  Army  aircraft  accidents.  As  summarized  in  table  1,  69 
accidents  were  analyzed  according  to  the  requirements  of  the  3W  method. 
Twenty-one  accident  reports  contained  insufficient  information  to  perform 
the  required  analysis,  i.e.,  investigators  could  not  identify  definite 
failures  or  failure  "causes"  for  man  or  machine.  Also  shown  in  the 
table  are  associated  dollar  costs  that  reflect  personnel  injury,  aircraft 
damage  and  property  damage. 

TABLE  1.--FY  78  Army  Aircraft  Accidents 


Number 

Cost 

Accidents  analyzed  in  this  report 

69 

$19,191,478 

Accidents  with  insufficient 
information  to  perform  analysis 

21 

12,335,987 

Total  FY  78  Accidents 

90 

$31,527,465 

Definitions  And  Terminology 

Human  Error  or  Task  Error  (TE)  -  Job  performance  which  deviated  from 
that  required  by  the  operational  situation  and  caused  or  contributed  to 
an  accident.  Required  performance  includes  that  stipulated  by  (1)  school 
training,  (2)  on-the-job  training,  (3)  U.S.  Army  regulations  and  guide¬ 
lines,  (4)  standing  operating  procedures,  or  (5)  commonly  accepted 
practices.  An  error  is  assigned  only  when  it  is  judged  that  a  person 
of  normal  or  reasonable  competence  could  have  performed  the  task  correctly 
in  the  existing  operational  situation. 
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Materiel  Failure /Me.'1  function  (MF/M)  -  Component  or  system  that  (1)  ceases 
to  operate  entirely,  (2)  operates,  but  not  as  designed  or  intended, 

(3)  operates  as  designed,  however,  operational  needs  require  enhanced 
performance.  A  materiel  failure/malfunction  is  considered  for  analysis 
only  when  it  is  judged  to  have  caused  or  contributed  to  the  mishap,  not 
resulted  from  the  mishap. 

Aviation  Hazard  or  System  Inadequacy  (I)  -  Condition  resulting  from  element 
of  the  aviation  system  not  operating  as  intended  or  designed,  and  caused, 
allowed,  or  contributed  to  the  occurrence  of  a  task  error  or  materiel 
failure.  An  aviation  hazard  consists  of  both  man  or  machine  failures 
and  the  associated  cause  factor. 

Remedial  Measure  (RM)  -  Action  required  to  correct  or  at  least  reduce  the 
operational  impact  of  an  I.  The  RE  may  be  directed  at  any  command  level 
for  implementation  and  is  not  to  be  restricted  by  current  technology  or 
budgetary,  personnel,  and  equipment  resources. 

Aircraft  Accident  -  Damage  that  occurs  to  one  or  more  aircraft  wherein  flight 
was  intended. 

Accident  Cost  -  Combination  of  the  dollar  losses  incurred  as  a  result  of 
aircraft  damage,  personnel  injury  and  property  damage. 

Individual  Analysis 

As  in  prior  years,  the  individual  analysis  of  individual  accidents  to 
conform  to  3W  requirements  was  completed  in  accordance  with  the  concepts 
and  procedures  outlined  in  chapter  11,  AR  95-5,  and  as  amplified  in 
appendix  F,  These  requirements  were  also  discussed  in  the  FY  77  3W 
report.  Figure  1  shows  the  process  used  to  analyze  each  accident. 


FIGURE  1. -Identification  of  Hazards  in  Each  Individual  Accident 


The  3w  approach  is  based  on  a  conceptual  framework  adapted  from 
a  model  by  Ricketson,  1975  (reference  9) .  This  approach  requires  each 
accident  investigation  board  to  identify  what  happened,  what  caused  it 
to  happen,  and  what  to  do  about  it  with  respect  to  man,  machine,  and  the 
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environment  as  cause  factors.  In  this  report,  only  the  man  and  machine 
aspects  of  3W  are  examined  (table  2) . 

TABLE  2.— 3W  Approach  to  the  Investigation, 

Analysis,  and  Prevention  of  Accidents 


Accident  Cause 

What  Happened 

What  Caused  It 

What  to  Do 
About  It 

Acronym 

Man 

Task  Error 

System 
inadequacies 
or  hazards 

Remedial 

Measures 

TEIR 

Machine 

Failure  or 
Malfunction 

System 
Inadequacies 
or  hazards 

Remed. a ' 
Measure 

FIRE 

Accidents  involving  human  failures  determined  to  be  definite  factors 
were  subjected  to  TEIR  analysis  and  those  involving  definite  materiel 
malfunction  or  failures  had  a  FIRE  analysis  performed.  The  models  used 
for  the  human  error  accident  and  the  materiel  failure/malfunction  accident 
are  shown  in  figures  1  and  2  of  appendix  G.  Information  from  the  TEIR 
and  FIRE  analyses  was  then  placed  into  a  format  designed  for  ease  of 
coding  and  use  for  the  collective  analysis. 

Collective  Analysis.  Figure  2  shows  the  process  by  which  the  collective 
analysis  was  accomplished. 


FIGURE  2. -Sequence  of  Overall  Analysis 
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All  of  the  TEIR  and  FIRE  data  was  collected,  reviewed,  and  coded 
for  the  collective  analysis  (item  1).  This  process  resulted  in  the 
identification  of  all  system  inadequacies  or  hazards  that  were  reported 
in  FY  78  (item  2) .  Appendix  G  provides  a  detailed  3W  description  of 
each  hazard  by  accident  case  in  booklet  form. 

Rank  Ordering  of  Hazards.  The  next  step  was  to  identify  in  order  of 
importance  the  most  significant  aviation  hazards.  To  accomplish  this 
task,  a  hazard  significance  level  (HSL)  analysis  was  performed  (item  7). 

The  result  of  the  HSL  analysis  is  a  rank-ordering  or  totem  pole  of  hazards 
according  to  their  overall  significance.  The  criteria  for  the  significance 
ranking  were  based  on  a  combination  of  four  variables. . .the  frequency  of 
hazard  occurrence  (item  3J,  personnel  injury  (item  4),  aircraft  damage 
severity  (item  5),  and  the  dollar  loss  costs  (item  6). 


A  complete  description  of  the  HSL  analysis  is  provided  in  appendix  G. 
The  rationale  and  format  used  to  develop  this  analysis  were  modeled  after 
reference  5,  "System  Safety  Program  Requirements,"  Mil  Standard  882, 

28  June  1977.  A  study  titled  "Engineering  Analysis  of  Crash  Injury  in 
Army  Aircraft"  (see  reference  8)  also  employed  the  same  general  method¬ 
ology  to  examine  crash  injury  and  aircraft  crashworthiness.  In  the 
future,  these  similar  analyses  of  hazards  during  different  accident 
phases  may  be  consolidated  into  a  single  report. 


Individual  Hazard  Prevention  Requirements.  Prevention  actions  taken  or 
in  progress  to  eliminate  or  reduce  the  impact  of  a  hazard  were  identified, 
reviewed,  and  integrated  with  the  3W  narratives  or.  a  case  by  case  basis 
(appendix  G) .  Consequently,  appendix  G  of  this  report  is  an  important 
safety  tool  in  that  it  provides  the  following  information  about  each 
accident  case: 

.  the  definite  failures  of  man  or  machine 


.  the  elements  of  the  aviation  system  that  caused  or  allowed  the 
failures 


.  suggested  remedial  actions 

actions  taken  or  in  progress  for  prevention 

Collective  Hazard  Prevention  Requirement.  The  last  step  was  to  identify 
the  most  pressing  hazard  prevention  requirements.  Selection  of  these 
requirements  was  based  on  the  HSL  analysis  and  the  expertise  of  safety 
professionals  at  USASC,  e.g.,  engineers,  human  factors,  investigators,  and 
air  safety  specialists.  Since  it  is  not  obvious  to  many,  perhaps  it 
should  be  noted  here  that  many  of  the  most  effective  remedies  to  prevent 
the  recurrence  of  human  related  problems  will  often  be  found  in  the  area 
of  improved  equipment  design. 
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RESULTS  AND  DISCUSSION 


Twenty-seven  different  system  inadequacy  or  hazard  categories  were 
identified  in  the  69  aircraft  accident  reports  containing  3W  information. 
These  hazards  were  then  rank-ordered  using  the  HSL  analysis  to  determine 
overall  level  of  importance  for  remedial  action(s) .  The  results  of  the 
analysis  are  provided  in  table  3.  Hazards  are  listed  in  decreasing  order 
of  significance  based  on  a  combination  of  four  variables  —  frequency  of 
occurrence,  severity  of  injury  to  man,  severity  of  damage  to  aircraft, 
and  accident  cost.  Keys  to  the  below  indices,  significance  grouping, 
and  cost  determination  can  be  found  in  appendix  F,  pages  F-8  and  F-9. 

For  instance,  index  "A"  refers  to  a  frequent  occurrence,  "I"  indicates 
an  injury  severity  level  defined  as  fatal  or  life  threatening,  and  "a” 
means  resulting  in  a  machine  severity  level  of  complete  loss  of  aircraft. 

TABLE  3. --Significance  Levels  or  Ranking  of 
System  Hazards  in  Army  Aircraft,  FY  78 


HAZARD 

NO. 

SIGNIFICANCE 

GROUP 

DESCRIPTION 

FREQUENCY 

INDICES 

INJURY 

DAMAGE 

COST 

1 

1 

Inadequate  Judgment 

A 

I 

a 

2,529,531 

2 

2 

Equipment  not  Available 
or  Improperly  Designed 

B 

I 

a 

2,946,945 

3 

2 

Inadequate  Written  Proce¬ 
dures  for  Normal  Operating 
Conditions 

B 

I 

a 

2,550,040 

4 

2 

Inattention 

B 

I 

a 

1,942,997 

5 

3 

Inadequate  Motivation  or 
Mood 

C 

I 

a 

754,269 

6 

4 

Inadequate  Unit  Training 

B 

III 

a 

494,172 

7 

4 

Overconfidence  in  Self 

D 

I 

a 

2,337,779 

8 

4 

Maintenance  Improperly 
Performed 

D 

I 

a 

1,158,664 

9 

4 

Fatigue,  Illness,  Drugs 

D 

I 

a 

443,556 

10 

5 

Environmental  Influence 

E 

I 

a 

591,527 

11 

5 

Inadequate  Supervision  by 
IP/SIP 

D 

II 

a 

340,527 

12 

5 

Inadequate  Wi itten  Proce¬ 
dures  for  Abnormal 

Operating  Conditions 

E 

1 

I 

a 

330,885 
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HAZARD  SIGNIFICANCE  INDICES 


NO. 

GROUP 

DESCRIPTION 

FREQUENCY 

INJURY 

DAMAGE 

COST 

13 

5 

Overconfidence  in  Equip¬ 
ment 

D 

II 

a 

124,860 

14 

5 

Inadequate  Supervision  by 
Unit  Commander 

D 

II 

a 

117,359 

IS 

6 

Habit  Interference 

D 

III 

a 

1,247,619 

16 

6 

Inexperience 

D 

III 

a 

322,850 

17 

7 

Lack  of  Confidence  in 
Equipment 

D 

IV 

a 

330,455 

18 

7 

Inadequate  Composure 

E 

III 

a 

315,730 

19 

7 

Overconfidence  in  Others 

D 

III 

b 

102,667 

20 

7 

Inadequate  School  Training 

D 

IV 

a 

71,179 

21 

7 

Inadequate  Manufacture, 
Assembly,  Quality  Control 

D 

III 

b 

60,303 

22 

7 

Inadequate  Supervision  by 
Higher  Command 

D 

III 

b 

30,692 

23 

8 

Inadequate  Supervision  by 
Operations  Officer 

E 

III 

b 

23,365 

24 

8 

Inadequate  Supervision  by 
Flight  Leader 

D 

IV 

b 

14,751 

25 

8 

Inadequate  Supervision  by 
Weight  §  Balance  Officer 

D 

IV 

b 

1,324 

26 

9 

Lack  of  Confidence  in  Self 

E 

IV 

b 

1,125 

27 

10 

Inadequate  Facilities 

E 

IV 

c 

6,000 
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Top  Five  System  Hazards 

A  general  discussion  of  the  top  five  aviation  hazards  is  presented  in  this 
section.  More  specific  information  can  be  obtained  through  a  detailed 
examination  of  each  case  within  a  hazard  category.  Figure  3  shows  the 
relationship  of  these  hazards  according  to  frequency  and  accident  cost. 
Note  that  equipment  design  problems  occurred  less  frequently  than  others 
but  accounted  for  the  greatest  dollar  losses. 
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FIGURE  3.— Frequency  and  Cost  of  Top  Five  Hazards 


I.  Inadequate  Judgment.  The  HSL  analysis  indicates  that  inadequate 
judgment  was  the  most  critical  hazard  found  in  Army  aviation  accidents 
during  FY  78.  It  contributed  over  2.5  million  dollars  to  FY  78  accident 
costs . 


No  materiel  failures  were  related  to  inadequate  judgment,  i.e.,  engine 
failure  against  which  pilot  exercised  poor  judgment  in  selection  and 
application  of  emergency  procedures.  The  task  errors  caused  or  contributed 
to  by  inadequate  judgment  are  ranked  by  frequency  in  table  4.  Two  basic 
errors  generally  identified  with  this  hazard*  were  "performing  a  prohibited 

♦NOTE:  As  this  report  was  being  prepared,  four  FY  79  accidents  occurred 
which  fall  into  this  hazard  category. 
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course  of  action  at  low  levels  above  the  terrain"  and  "failing  to  perform 
a  required  course  of  action  during  landing."  As  shown  in  table  4,  the 
remaining  task  errors  had  a  frequency  of  two  or  less. 


RANK 

A 


B 

C 

C 

D 

D 

D 

D 

D 


TABLE  4. — Inadequate  Judgment 
FREQ  MATERIEL  FAILURE  OR  TASK  ERROR 

11  Performed  prohibited  course  oi  action  by  flying 

unauthorized  flight  or  maneuver  at  low  levels 
and  striking  wires  or  trees. 

4  Failed  to  perform  required  in-flight  action 

during  landing. 

2  Inadequate  preflight  planning  -  power  available 

vs  power  required. 

2  Inaccurately  estimated  clearance/closure  rate 

during  landing. 

1  Improper  flight  control  action  during  practice 

autorotation. 

1  Improperly  monitored  performance  by  IP  during 

practice  autorotative  landing. 

1  Performed  a  prohibited  flight  control  action 

during  practice  autorotation. 

1  Authorized  prohibited  course  of  action  at  low- 

level  flight  altitude. 

1  Improperly  assigned  personnel  to  unit  training 

mission. 


All  of  the  accidents  in  this  category  involved  some  type  of  failure 
during  a  landing  or  flight  at  low  level  above  the  terrain.  In  particular, 
these  flights  at  low  level  were  most  often  performed  by  pilots  of  LOH 
aircraft  on  unit  training  missions.  It  is  unusual  that  inadequate 
judgment  occurred  in  more  LOH  aircraft  than  in  all  other  aircraft  combined. 
This  is  somewhat  surprising  since  LOH  aircraft  do  not  have  as  great  an 
exposure  to  risk  in  terms  of  number  of  flying  hours  and  number  of  air¬ 
craft  in  the  fleet  as  do  utility  aircraft  alone. 

The  failures  in  table  4  are  not  new  to  Army  aviation.  They  involve 
two  types  of  decision-making  ...  estimations  of  speed,  height  and  distance, 
and  assessment  of  aircraft/aviator  capability  at  low  levels.  It  causes 
one  to  speculate  about  the  chronic  nature  of  their  occurrence  . . .  "Why 
do  these  problems  continue  to  occur  in  Army  aviation?"  "Why  do  pilots 
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continue  to  have  problems  in  judging  the  capability  of  the  aircraft 
with  regard  to  power  required  versus  power  available?"  "Why  do  we 
continue  to  have  a  number  of  training  flight  accidents  in  which  the 
pilot  inadequately  judges  closure  rate  and  pulls  collective  pitch  too 
late  during  practice  autorotations?"  "Why  do  pilots  continue  to  fly 
unauthorized  low  level  flights?"  "Are  our  pilots  just  committing 
dumb  mistakes?" 

These  and  other  questions  regarding  inadequate  judgment  of  pilots 
are  not  new  and  should  be  thoroughly  researched  to  identify  why  they 
continue  to  occur,  at  what  magnitude,  and  the  best  method (s)  of  preven¬ 
tion.  The  "inadequate  judgment"  problem  should  not  be  "blamed"  on 
pilots.  After  sufficient  research  into  this  identified  problem  area, 
some  of  the  causes  and  cures  may  very  well  be  found  in  the  area  of 
equipment  design  or  training. 

Following  are  some  areas  where  research  could  be  fruitfully  applied: 

.  Assessing  the  capability  of  pilots  to  adequately  determine  power 
available  versus  power  required  under  certain  low  level  conditions  with 
the  instruments  currently  available  in  our  rotary  wing  fleet. 

.  Improving  R/W  equipment  design  or  instructor  pilot  procedures  that 
will  alleviate  problems  of  pulling  collective  pitch  too  late  or  too  soon 
during  practice  autorotations. 

.  Examining  the  adequacy  of  regulations  governing  terrain  flight 
altitudes  when  flight  at  such  altitudes  is  not  required  by  the  mission  or 
circumstances. 


.  Determining  the  level  of  encouragement  and  discouragement  aviators 
generally  receive  with  respect  to  unauthorized  low  level  flights. 

.  Determining  the  feasibility,  practicality  and  cost  effectiveness  of 
wire  protection/cutting  devices  or  a  wire  (or  wirelike  object)  warning 
system. 

.  Examining  the  need  for  a  low  airspeed/ground  speed  indicating 
system  for  Army  aircraft. 


.  Determining  the  adequacy  of  the  OH-58A  (engine  power  and  tail 
rotor  threat)  to  fly  or  perform  the  required  low  level  or  NOE  type 
missions  especially  under  "hot  day"  type  conditions. 


II.  Equipment  not  available  or  improperly  designed  for  required  operation. 

Equipment  design  was  the  second  ranked  hazard.  This  category  includes 
human  as  well  as  materiel  failures  caused  by  the  inadequate  design  of 
equipment.  Although  equipment  problems  occurred  in  accidents  less 
frequently  than  other  hazards,  it  resulted  in  the  highest  dollar  losses 
(see  figure  3) . 
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Five  of  the  nine  materiel  failures  that  were  caused  or  allowed  by 
equipment  being  improperly  designed  occurred  in  engines  and/or  fuel  systems, 
two  occurred  in  the  antitorque  system,  and  one  each  in  the  heater/def ogger 
and  mast  system.  The  types  of  human  error (s)  and  machine  failures 
caused  by  improperly  designed  equipment  were  widely  distributed  (see 
table  5). 


TABLE  5.  —  Improperly  Designed  Equipment 

RANK  FREQ  MATERIEL  FAILURE  OR  TASK  ERROR 

A  9  Machine  Related 

OH-58A  power  turbine  shaft  outer  coupling  nut 
failed  because  nut  is  made  of  materiel  that  corrodes 
easily. 

OH-58A  heater  defogger  failed  to  clear  windows 
resulting  in  insufficient  visual  cues. 

OH-58A  fuel  system  (fuel  filter)  allows  water  to 
build  up  and  then  be  ingested  in  engine. 

0H-58A  #2  bearing  failed  because  outer  race  is  a 
split  design  which  allows  misalignment  resulting 
in  progressive  fatigue  failures  (spalling) . 

OH-58A  tail  rotor  blade  separated  because  blade 
retention  block  design  causes  a  burr  at  the  tip 
of  the  tang,  which  in  turn  acts  as  a  stress  riser. 

0H-58A  tail  rotor  failed  to  provide  enough  thrust 
under  low  airspeed,  OGE  hover,  high  gross  weight, 
and  "hot  day"  conditions. 

AH- IS  P-1  connector  adjusting  screw  failed  because 
vibration  from  bellows  area  causes  high  cycle  fatigue. 

UH-1H  P-1  multiplier  failed  because  resonant  vibration 
caused  reverse  bending  at  brazed  point  on  rod. 

UH-1H  experienced  mast  failure  because  flight  outside 
rather  narrow  envelope  (easy  to  attain)  results  in 
mast  bumping. 
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RANK  FREQ  MATERIEL  FAILURE  OR  TASK  ERROR 

B  4  MAN  RELATED 

OH-58A  pilot  failed  to  use  landing  light  during  steep 
approach  because  light  causes  too  much  glare. 

UH-1H  pilot  improperly  read  torque  indicator  because 
it  is  graduated  in  increments  of  5  PSI  and  is  required 
to  be  read  at  1  PSI  increments. 

UH-1H  pilot  applied  improper  flight  control  action 
because  he  required  low  airspeed  information.  The  UH-1 
does  not  have  such  an  instrument  (low  airspeed 
indicator) . 

UH-1H  pilot,  without  outside  visual  cues  for  reference, 
applied  improper  flight  control  action  because  of  an 
inaccurate  barometric  altimeter. 

Over  half  of  the  improperly  designed  components  were  in  OH-58A 
aircraft.  Thus,  like  "inadequate  judgment,"  the  LOH  type  was  the  primary 
aircraft  involved,  even  though  it  has  less  flying  hours  and  fewer  number 
of  aircraft  in  the  inventory  than  the  utility  helicopter. 

A  review  of  this  hazard  did  not  reveal  any  single  aircraft  component 
in  any  system  that  failed  more  often  than  any  other.  Each  instance  was 
somewhat  unique  and  should  be  considered  on  its  own  merit  for  prevention 
actions.  A  review  of  this  system  hazard  points  out  some  additional 
areas  in  which  further  research  might  be  beneficial. 

1.  Determine  why  the  OH-58A  aircraft  system  was  identified  so 
frequently  as  having  equipment  design  inadequacies. 

2.  There  were  11  fixed  wing  accidents  in  FY  78,  yet  no  equipment 
design  problems  were  noted.  Does  this  mean  that  fixed  wing  systems  are 
better  designed  or  do  failures  in  fixed  wing  aircraft  result  in  less 
damage  thereby  not  showing  up  as  accidents?  Or  does  it  mean  that  accident 
investigations  seldom  reveal  materiel  design  problems? 

3.  How  do  equipment  design  or  availability  problems  differ  from 
other  system  problems,  i.e.,  associated  accident  costs  and  injuries? 

III.  Inadequate  written  procedures  for  operation  in  the  normal  man-machine 
environmental  conditions.  This  hazard  was  ranked  third  by  the  HSL  analysis. 
"Normal  man-machine-environmental  condition"  refers  to  those  written 
procedures  dealing  with  normal  operating  conditions  (NOC)  as  opposed  to 
those  written  to  govern  emergencies.  Inadequate  written  procedures  (NOC) 
contributed  $2,550,040  to  accident  costs. 
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The  most  frequent  problem  concerning  this  hazard  was  in  the  area  of 
maintenance  procedures  (see  table  6) .  These  inadequacies  in  instructions/ 
procedures  for  maintenance  were  generally  related  to  inspection  or 
calibration  procedures.  The  second  most  important  problem  in  this  area 
was  in  the  operators  manuals  of  the  LOH  and  Utility  helicopter  systems. 
Inadequate  written  procedures  found  in  these  manuals  resulted  in  seven 
errors  made  by  pilots  and  crew  chiefs  that  contributed  to  accidents. 

The  problem  noted  concerning  these  written  procedures  was  that  the 
instructions  were  either  too  general  or  the  manual  did  not  contain  the 
required  instructions. 

TABLE  6. --Inadequate  Written  Procedures  for  Normal  Operations 
RANK  FREQ  MATERIEL  FAILURE  OR  ERROR 

A  8  Inadequate  written  procedures  for  inspection/calibration 

of  materiel  systems. 

B  7  Inadequate  written  instructions/procedures  in  aircraft 

operators  manuals. 

C  2  U-21  rated  student  pilot  and  instructor  pilot  landed 

gear  up  following  an  attempted  single  engine  procedure 
during  takeoff.  They  were  confused  over  what  procedure 
to  follow  because  the  U-21  Flight  Training  Guide  and 


the  U-21  -10  differ  on  the  required  procedure  tio  follow 

t 

D  1  OH-58A  pilot  attempted  night  landing  to  a  single  light 

source.  The  unit  SOP  did  not  conform  to  TC  1-28 
requiring  use  of  a  lighted  "T"  or  "Y"  for  night 
landings . 

D  1  UH-1H  jumpmaster  failed  to  disarm  automatic  opening 

device  on  parachute  when  jump  was  aborted  and  descent 
begun.  Instructions  in  AR  95-19  were  incomplete. 

Inadequate  written  procedures  appeared  to  be  associated  with  utility 
and  observation  aircraft  more  than  any  other.  These  inadequate  guide¬ 
lines  appeared  to  group  into  two  general  areas:  (1)  inadequate  main¬ 
tenance  procedures  in  the  area  of  inspection  and  calibration,  and 
(2)  inadequate  procedures  in  operators  manuals  and  Flight  Training 
Guides.  Since  maintenance  and  operators  manuals  provide  important 
guidelines  for  directing  behavior,  it  is  essential  that  action  be  taken 
to  insure  that  the  inadequacies  noted  above  be  eliminated. 

A  review  of  the  cases  involved  also  suggest  certain  areas  in  which 
further  research  is  needed: 
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.  Why  is  it  that  the  majority  of  the  inadequate  written  procedures 
occurred  in  two  aircraft  systems  (UH-1  5  0H-58A)  that  have  been 
in  the  Army  inventory  for  so  many  years? 

.  Do  the  operator  and  maintenance  manuals  have  adequate  readability 
and  understandability  levels  for  the  intended  users? 

.  Why  do  OH-58  pilots  misinterpret  a  loss  of  tail  rotor  effective¬ 
ness  as  an  antitorque  failure  or  as  "settling  with  power"  and 
take  inappropriate  actions (s)?  * 

IV.  Inattention.  The  hazard  ranked  fourth  in  the  analysis  was  inattention. 

Inattention  as  a  definite  factor  in  accidents  accounted  for  $1,942,997 

in  resource  losses.  * 

Like  inadequate  judgment,  materiel  failures  were  not  related  to 
inattention.  The  task  errors  caused  or  contributed  to  by  inattention  were 
committed  by  experienced  aviators  and  are  ranked  by  frequency  in  table  7. 

The  two  basic  errors  generally  identified  with  this  hazard  were  "improper 
flight  control  action(s)  during  landing  or  flight  at  low  level  altitude" 
and  "instructor  pilot  improperly  monitoring  the  performance  of  personnel 
while  hovering,  taking  off  or  landing  during  school  training  or  unit 
standardization  flight."  Other  task  errors  had  a  frequency  of  two  or 


less 

(table  7). 

TABLE  7. — Inattention 

RANK 

FREQ 

MATERIEL  FAILURE  OR  TASK  ERROR 

A 

4 

Improper  flight  control  action (s)  during  landing  or 
flight  at  low  levels  above  the  terrain. 

A 

4 

IP  improperly  monitored  performance  of  personnel 
while  hovering,  taking  off,  or  landing  during 
school  training  or  unit  standardization  flight. 

B 

2 

Misinterpreted  in-flight  aircraft  action  as  tail 
rotor  failure. 

B 

2 

Improperly  monitored  instruments  or  performance  of 
equipment  during  takeoff  or  hover. 

C 

1 

Inaccurately  estimated  clearance/closure  during 
autorotation. 

C 

1 

Improperly  performed  or  failed  to  perform  course  of 
action  required  by  written  guidelines  during  takeoff 
check 
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Accidents  involving  this  hazard  occurred  when  the  pilot's  task  loading 
was  high,  i.e.,  during  hover,  landing,  takeoff  and  low  level  flight.  The 
aircraft  primarily  involved  were  utility  and  light  observation  R/W. 

Results  of  inattention  generally  involved  loss  of  directional  control 
or  incorrect  application  of  collective  pitch  during  autorotation. 

In  most  cases,  the  task  errors  were  of  pilots  and  instructor  pilots 
who  channelized  or  improperly  divided  their  attention  on  events  taking 
place  or  objects  located  outside  and  inside  the  cockpit.  Maps,  instru¬ 
ments  and  instructions  by  the  other  aviator  aboard  are  examples  of  items 
•  inside  the  cockpit  on  which  their  attention  was  channelized.  Other 

aircraft,  ground  personnel,  and  the  area  selected  for  landing  are  examples 
of  items  that  attracted  their  attention  outside  the  cockpit. 

,  This  problem  was  distributed  across  aviators  without  regard  to  their 

flight  experience.  Research  is  needed  in  the  areas  of  assessments  of 
the  aviators'  workload,  task  vigilance  limits  and  instrumentation  to 
provide  needed  information. 

A  relevant  question  in  this  regard  is  "what  is  optimum  in  the  way 
of  dividing  attention  between  tasks  inside  and  outside  the  aircraft  when 
the  task  loading  is  at  or  near  its  peak?"  Traditionally,  this  question 
has  been  ignored  because  it  has  been  much  easier  to  cite  the  pilot  for 
inattention.  As  a  consequence,  aviators  are  often  caught  in  a  "Catch-22" 
situation.  In  these  instances,  the  aviators  find  themselves  equally 
liable  to  attend  to  tasks  of  equal  priority  that  occur  simultaneously 
inside  and  outside  of  the  cockpit. 

Inattention  was  the  fourth  ranked  hazard  of  FY  78.  A  requirement 
exists  to  isolate  the  causes  of  inattention  during  periods  of  high  task 
loading  as  in  low  level  flight  and  what  can  be  done  to  avoid  its  occur¬ 
rence.  Like  inadequate  judgment  mentioned  previously,  many  of  its  causes 
and  cures  are  likely  to  be  found  in  the  area  of  equipment  design  or 
training.  The  "heads-up  display"  is  an  example  of  the  type  of  equipment 
that  merits  attention. 

V.  Inadequate  mood  or  motivation:  command  pressure,  excessive  self 
motivation,  get-home-itis,  peer  pressure.  This  hazard  ranked  fifth  in 
the  HSL  analysis  and  it  contributed  $494,172  to  FY  78  accident  costs. 

The  two  general  types  of  errors  caused  by  this  hazard  involved 
aircrews  and  supervisors.  In  each  case  the  cause  of  the  error  was  either 
e  excessive  self  motivation,  command  or  peer  pressure  (table  8). 
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TABLE  8.  —  Inadequate  Motivation  or  Mood 

RANK  FREQ  MATERIEL  FAILURE  OR  TASK  ERROR 

A  4  FAILURES  AT  AIRCREW  LEVEL 

UH-IH  CP  inaccurately  estimated  clearance  on  approach 
to  uncleared  area  and  struck  trees  because  he  was 
excessively  self  motivated.  CP  was  being  considered 
for  appointment  as  PIC  and  wanted  to  make  a  good 
impression  on  the  pilot. 

0H-6A  pilot  performed  NOE  flight  when  not  NOE  trained 
(struck  trees)  because  he  was  excessively  self  moti¬ 
vated.  Pilot  was  supporting  a  unit  to  which  he  was 
not  assigned  and  wanted  to  make  good  impression. 

0H-6A  pilot  performed  NOE  flight  when  not  NOE  trained 
(struck  trees)  because  of  peer  pressure.  Other  per¬ 
sonnel,  during  practice  for  ARTEP,  criticized  higher 
altitudes  being  flown  and  emphasized  need  to  fly  more 
tactically  realistic  low  altitudes. 

OH-58A  pilot  failed  to  plan  NOE  route  prior  to  flight 
(struck  wires)  because  of  excessive  self  motivation. 

He  had  a  false  sense  of  urgency  because  "enemy"  tanks 
were  close  by. 

B  3  FAILURES  AT  SUPERVISORY  LEVEL 

0H-58A  IP  flew  an  NOE  mission  at  excessive  airspeed 
(60  KIAS)  because  of  excessive  self-motivation  (struck 
wires) .  He  had  a  false  sense  of  urgency  because 
"enemy"  tanks  were  close  by. 

Local  commander  failed  to  provide  crew  rest  policy 
because  of  excessive  self  motivation.  He  felt  mission 
accomplishment  was  more  important  than  crew  rest 
policies.  OH-58  aviators  with  12-15  hours  rest  and 
22-28  flight  hours  in  last  72  hours  struck  wires. 

Because  of  command  pressure,  platoon  leader  assigned 
two  aviators  to  a  mission  for  which  they  had  not 
been  trained. 

All  accidents  in  which  this  hazard  was  a  cause  factor  occurred 
during  unit  mission  training  (FTX,  ARTEP,  etc.)  and  were  generally  related 
to  aircrew  or  supervisory  failures.  Possible  areas  of  research  include: 


1.  Assessment  of  various  field  training  exercises  to  determine 
those  specific  events  which  allow  or  induce  aviators  and  supervisors 
through  a  false  sense  of  urgency  or  emphasis  to  become  so  concerned 
with  mission  accomplishment  that  they  forget  or  disregard  safe  operating 
practices,  i.e.,  crew  rest  limitations. 

2.  Development  of  a  program  aimed  at  the  prevention  of  those  con¬ 
ditions  identified  as  allowing  or  inducing  disregard  for  safe  operating 
conditions. 


IDENTIFICATION  OF  HAZARD  PREVENTION  REQUIREMENTS 


Unit  Level.  Remedial  actions  or  prevention  requirements  for  which  a  unit 
has  primary  control  for  implementation  are  provided  on  a  case  by  case 
basis  in  appendix  G.  The  appendix  provides  indepth  information  for  indi¬ 
vidual  unit  problems  as  well  as  Army-wide  aviation  problems.  The  type 
and  amount  of  information  in  appendix  G  is  intended  to  provide  unit  level 
personnel  with  the  means  to  perform  different  kinds  of  analyses  of  hazards 
unique  to  the  primary  concerns  of  a  unit,  i.e.,  problems  in  utility 
helicopters.  As  a  result,  lessons  will  be  learned  and  prevention  require¬ 
ments  will  become  known.  The  suggested  remedial  actions  should  be  care¬ 
fully  considered,  but  are  not  intended  to  (1)  be  all  inclusive,  (2)  repre¬ 
sent  remedial  actions  that  an  expert,  e.g.,  an  aerospace  engineer  or 
aviation  psychologist  might  select,  or  (3)  be  identical  to  remedial 
actions  selected  when  examining  the  collective  nature  of  an  accident 
problem  area.  Note  that  appendix  G  also  includes  feedback  information 
regarding  actions  that  have  been  completed  or  that  are  in  progress  to 
prevent  or  reduce  the  recurrence  of  a  hazard. 

Management  Level .  The  rank-ordered  listing  of  aviation  hazards  shown 
in  table  3  was  analyzed  to  determine  pressing  prevention  requirements 
over  which  an  aviation  unit  has  little  control,  but  which  affect  the 
efficiency  and  safety  of  operations.  A  listing  of  these  requirements  is 
provided  in  table  9.  Selection  of  these  requirements  is  based  on  the  HSL 
analysis,  and  the  judgment  of  human  factors  specialists  and  aircraft 
system  managers  at  USASC.  This  listing,  which  generally  fell  into  six 
categories,  represents  the  needs  of  FY  78  regardless  of  any  actions  taken 
or  in  progress  toward  prevention.  As  noted  earlier,  many  of  the  most 
effective  remedies  to  prevent  the  recurrence  of  human  related  problems 
are  found  in  the  area  of  improved  equipment  design. 

TABLE  9. — Hazard  Prevention  Requirements  for  Army  Aviation 

Hazards  Addressed  By 

Requirement  Area  Requirement  (reference  table  3) 

A.  LOH  Tail  Rotor  and  Engine  1,2,3,4,13 

Reevaluation  of  the  OH-58  tail 
rotor  and  T63-A-700  engine  to 
determine  their  adequacy  for 
today's  missions.  Special 
emphasis  should  be  focused  on 
aircraft  operational  capa¬ 
bilities  versus  mission  require¬ 
ments  for  flights  at  low  alti¬ 
tudes,  low  airspeeds,  high  gross 
weights,  under  hot  day  conditions 
with  winds  varying  in  direction 
and  velocity. 
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Hazards  Addressed  By 

Requirement  Area  Requirement  (reference  table  3) 

Incorporate  in  observation  heli-  1,2,3,4,13  (cont'd) 

copter  operators  manual  adequate 

explanations,  charts,  cautions  and 

emergency  procedures  as  they 

apply  to  problems  involving  loss 

of  tail  rotor  effectiveness, 

settling  with  power,  and  conditions 

under  which  each  can  be  experienced. 

Upgrade  aviator  training  to  provide 
'  complete  understanding  of  aircraft 
performance  capabilities  in  the 
area  of  (1)  power  required  versus 
power  available  (2)  interpretation 
of  tail  rotor  problems  and  (3) 
actions  to  take  when  tail  rotor 
effectiveness  is  lost. 

Evaluate  the  capability  of  rotary 
wing  aviators  to  assess  power 
available  versus  power  required 
under  various  low  level  flight  con¬ 
ditions  with  instrumentation  cur¬ 
rently  available  in  Army  helicop¬ 
ters  and  with  current  training 
requirements . 

Complete  installation  of  the 
improved  tail  rotor  for  OH-6  aircraft. 

Remove  all  OH-58A  tail  rotor  blades 
prior  to  serial  number  TLL-8000  and 
replace  with  blade  that  incorporates 
improved  blade  retention  block. 

Recommend  operational  release  of  the 
OH-58C  helicopter  be  contingent  upon 
continued  efforts  to  improve  direc¬ 
tional  control  and  that  the  operators 
manual  be  revised  to  adequately 
explain  and  caution  against  insuf¬ 
ficient  and  antitorque  control  under 
certain  conditions,  e.g.,  NOE,  hot 
day  conditions/environment. 
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Hazards  Addressed  By 

Requirement  Area  Requirement  (Reference  Table  3) 

B.  Low  Level  or  NOE  Flight/Maneuver  1,S,14 

Develop  a  program  aimed  at  reducing 
the  problem  of  R/W  aviators  operating 
their  aircraft  at  terrain  flight 
altitudes  when  such  flight  is  not 
mission  required  or  authorized  and 
where  the  requirements  of  FM  1-1, 

Terrain  Flight,  are  ignored.  Such 
a  program  should  include  an  exami¬ 
nation  as  to  why  (e.g.,  attitudes, 
perceptions)  some  aviators  perform 
in  that  manner;  evaluate  the 
degree  of  emphasis  for  enforcement 
of  existing  terrain  flight 
guidance  as  it  affects  the  pilot. 

Determine  the  feasibility,  practi¬ 
cality  and  cost-effectiveness  of 
equipping  Army  rotary  wing  air¬ 
craft  with  (1)  a  wire  or  wire-like 
object  detection  system  and/or  (2) 
a  type  of  wire  protection/cutting 
device. 

Review  current  regulations  and 
manuals  to  determine  the  adequacy 
of  guidance  provided  to  aviators  and 
supervisors  with  regard  to  the 
conduct  of  terrain  flight. 

C.  Estimation  of  Speed,  Height  and  Distance  1,2, 3, 8 

Develop  research  effort  to  determine 
the  instrument s/procedures/training 
techniques  needed  to  enhance  pilot 
capability  to  accurately  estimate 
clearance/closure  rate  and  correct 
control  inputs,  especially  during 
autorotations. 

Evaluate  the  feasibility  of  pro¬ 
viding  R/W  aircraft  with  a  reliable 
low  airspeed/ground  speed  indicating 
system. 
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Requirement  Area 


Evaluate  the  feasibility  of  provid¬ 
ing  R/W  aircraft  with  an  improved 
altimeter,  e.g.,  radar  altimeter 
designed  to  meet  the  requirements 
of  Army  R/W  aircraft  and  the  types 
of  missions  flown  by  these  aircraft. 

D.  Equipment  Design  (Other) 

Provide  improved  OH-58A  landing 
light,  i.e.,  adjustable  landing 
light  for  directional  control. 

Complete  the  requirement  to  add  sili¬ 
cone  oil  to  all  T53-L-13B  and  L703 
engine  fuel  controls  to  dampen  drive 
shaft  generated  vibration.  Expedite 
modifications  to  the  Model  TA7  con¬ 
figuration,  i.e.,  stainless  steel 
bellows. 

Expedite  purging  of  dark  colored 
brittle  tail  rotor  pitch  chains 
from  the  supply  system.  Eventual 
elimination  of  this  problem  requires 
continued  and  expeditious  modifica¬ 
tion  of  the  AH-1G  aircraft  to  the 
AH-1S  push-pull  type  of  controls. 

Improve  the  OH-58  heater/defogger 
system. 

Provide  the  OH-58  fuel  filter  with 
a  drain  valve  similar  to  that 
installed  in  the  Bell  206  to  pre¬ 
vent  water  build-up  and  ingestion 
into  the  engine. 

Improve  T-63-A-700  engine  split 
bearing  outer  race  (PN:  6876008) 
to  a  design  that  does  not  allow 
misalignment  and  progressive 
fatigue  failures  (spalling)  of 
bearings. 

Improve  T-63-A-700  engine  power  tur¬ 
bine  shaft  outer  coupling  nut  (PN: 
6846278)  to  a  noncorrosive  material. 


Hazards  Addressed  By 
Requirement  (reference  table  3) 

1, 2,3,8  (cont'd) 


1,2, 3, 8 
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Requirement  Area 

Investigate  unexplained  hydraulic 
malfunctions  in  AH-1  aircraft. 

E.  Weight  $  Balance 

Investigate  methods/instruments  for 
improving  the  calculation  of  weight 
and  balance  and  aircraft  perfor¬ 
mance,  i.e.,  better  performance 
charts  and  electronic  computer. 

Revise  R/W  operators  manual  to 
contain  specific  weights  for 
combat  equipped  troops  to  be  used 
for  weight  and  balance  calcula¬ 
tions.  Include  the  weight  of 
combat  equipped  troops  as  a 
question  on  the  annual  written 
examination. 

F.  Inadequate  Written  Procedures  (Other) 

Revise  UH-1  maintenance  manual  to 
require  inspection  of  tail  rotor 
output  quill  flex  coupling  for 
lubrication  prior  to  installation 
of  new  or  overhauled  main 
transmission. 

Revise  UH-1  operators  manual  to 
require  power  checks  at  hover 
taking  cross  winds  and  tail  winds 
into  consideration  for  go,  no-go 
conditions. 

Develop  procedures  on  how  TEAC 
should  be  performed  for  engine 
trimming  during  periods  of  cold 
weather  for  inclusion  in  UH-1/ 

AH-1  helicopter  maintenance 
manuals. 


Hazards  Addressed  By 
Requirement  (reference  table  3) 

1,2, 3, 8  (cont'd) 

1,3,9,11,14 

•> 


3 
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Hazards  Addressed  By 

Requirement  Area  Requirement  (reference  table  3) 

Establish  written  procedures  and  3  (cont'd) 

implement  a  plan  that  will  require 
units  to  acquire  repair  parts  in 
accordance  with  the  source  codes 
in  the  parts  manuals.  Establish 
procedures  wherein  requests  to 
locally  manufacture  items  nor¬ 
mally  requisitioned  are  evaluated 
in  light  of  the  requestor's  ability 
to  manufacture  the  part  to  speci¬ 
fications.  (For  example,  an  acci¬ 
dent  resulted  when  a  unit  locally 
manufactured  a  Pc  airline  for  an 
OH-58  without  manufacturer  speci¬ 
fications.  As  a  result,  bend 
angles  for  the  line  were  not 
correct;  failure  occurred  after 
two  flight  hours  resulting  in  an 
aircraft  accident.) 

Revise  UH-1  maintenance  manual  to 
require  aircraft  torque  indicating 
systems  to  be  calibrated  periodi¬ 
cally,  e.g.,  during  maintenance 
inspection. 

The  requirements  listed  above  provide  insight  into  safety  needs  and  each 
should  be  closely  monitored  and  managed.  Following  are  areas  in  which 
these  requirements  should  be  considered: 

1.  Research  and  development  for  current  and  future  aircraft. 

2.  Determining  areas  of  emphasis  arid  direction  for  upgrading  training 
at  unit  and  school  levels. 

3.  Developing  unit  8  Army-wide  accident  prevention  programs. 

4.  Evaluating  and  revising  Army  regulations,  technical  manuals, 
field  manuals,  and  other  written  guidelines  that  direct  human  behavior. 

Additional  Requirements.  The  results  of  this  study  indicate  support  for 
six  additional  requirements.  A  longitudinal  type  study  similar  to  this 
report  should  be  performed  to  determine  system  hazards  and  prevention 
requirements  based  on  more  than  one  year  of  accident  data.  Additionally, 
consideration  should  be  given  to  developing  research  efforts  aimed  at 
providing  an  indepth  analysis  for  each  aircraft  system  and  each  of  the 
major  aviation  hazards  identified  in  this  report. 
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The  two  top  level  hazards  identified  by  the  HSL  analysis  occurred 
for  the  most  part  in  observation  helicopters.  Consequently,  a  research 
effort  is  needed  to  analyze  Army  accident  experience  over  several  years 
of  data  to  identify  the  major  man  and  materiel  problems  and  prevention 
requirements  for  these  helicopters.  This  effort  should  determine  those 
hazards  that  also  may  be  common  to  the  advanced  scout  helicopter  (ASH), 
and  identify  the  most  pressing  safety  requirements. 

One  of  the  most  common  recommendations  made  by  accident  investiga¬ 
tion  boards  was  "to  inform  personnel  of  problems  encountered  through 
communications  media."  Communications  media  like  FlightFax  are  invaluable 
for  providing  feedback  to  field  personnel  regarding  the  aviation  hazards. 
The  data  in  this  report  support  the  need  for  USASC  to  insure  current 
efforts  are  not  reduced  in  addressing  the  major  aviation  hazards  through 
articles,  publications,  training  films  and  other  communications  media. 

The  final  two  needs  suggested  by  the  results  of  this  study  involve 
aids  to  accident  investigation  and  analysis.  Like  those  of  previous 
years,  this  analysis  indicates  the  requirement  for  an  improvement  in 
the  quality  and  specificity  of  data,  i.e.,  "real  time"  data.  Without 
an  improvement  in  the  data,  the  repeated  appearance  of  many  accident 
causes  will  continue,  and  few  safety  improvements  or  advancements  will 
be  realized  beyond  the  present  plateau.  Two  means  of  substantially 
improving  the  quality  and  quantity  of  data  would  be  an  on-board  flight/ 
crash  data  recorder  and  automation  of  aviator  flight  activity.  An  on¬ 
board  crash  data  recorder  would  for  the  first  time  provide  invaluable 
"real  time"  information  about  the  aircraft.  This  would  reduce  (1) 
subjective  "guess-timations,"  speculations,  and  other  imprecise  tech¬ 
niques  currently  in  use,  (2)  the  number  of  general  observations  that  may 
be  inaccurate  and  erroneous  because  of  the  historical  nature  of  accident 
data,  and  (3)  the  number  of  accidents  in  which  insufficient  information 
was  available  to  determine  definite  causes.  Thirty-nine  percent  of  the 
accident  costs  during  FY  78  were  incurred  in  accidents  having  insuffi¬ 
cient  information  for  the  analysis. 

Automation  of  the  aviators'  flight  activities  would  improve  the 
accuracy  and  speed  with  which  such  valuable  information  can  be  gathered. 
More  importantly,  it  would  allow  comparative  types  of  analysis,  i.e., 
between  aviators  who  have  had  accidents  and  those  who  have  not  had  acci¬ 
dents,  or  between  aviators  committing  different  types  of  errors  in 
flight  tasks.  It  could  even  aid  in  aviator  assignments  and  assessment  of 
the  effects  changing  flight  hours  has  on  the  maintenance  of  flight  skills. 

Two  development  efforts  currently  underway  would  provide  the  means 
ti  accomplish  these  data  needs.  An  aircraft  Accident  Information 
Retrieval  System  (AIRS)  has  advanced  to  the  "brass  board"  stage  at 
DARCOM's  Applied  Technology  Laboratory,  and  ODCSOPS  has  let  a  contract 
for  automation  of  the  aviator's  flight  activity  (record).  However,  it 
appears  that  automation  of  aviator  flight  activity  records  will  be 
delayed  for  about  eight  years.  Top  level  consideration  and  support  are 
needed  to  expedite  the  development  and  procurement  of  these  systems. 


24 


References 


1.  AR  9S-1  Army  Aviator:  General  Provisions  and  Flight  Regulations 

Effective  1  Oct  78  ~  ~ 

2.  AR  95-5  Aircraft  Accident  Prevention,  Investigation,  and  Reporting 

Effective  1  April  1975 

3.  AR  385-40  Accident  Reporting  and  Records 

Effective  1  July  1972 

4.  Headquarters,  Department  of  Defense,  Table  for  Computing  Cost  of 

Injuries  and  Occupational  Illness  of  POD  Personnel,  Depart - 
mentof  Defense  Instruction  Nr.  1000.19  (Enel.  9^,  November  18, 
1976. 

5.  Headquarters,  Department  of  Defense,  System  Safety  Program  Requirements, 

Military  Standard  882A,  28  June  1977. 

6.  US  Army  Safety  Center,  Analysis  of  FY  76  Army  Aircraft  Accidents  that 

Involved  Human  Error,  USAAAVS  Report,  14  March  1977. 

7.  US  Army  Safety  Center,  Analysis  of  FY  77  Army  Aircraft  Accidents, 

USAAAVS  Report,  3  January  1978. 

8.  Hicks,  James  E.,  "Engineering  Analysis  of  Crash  Injury  in  Army 

Aircraft,"  Paper  presented  at  Aerospace  Medical,  AGARD/NATO, 
May  1978,  Ft  Rucker,  Alabama. 

9.  Ricketson,  D.  S.,  Kennemore,  J.  R. ,  Callen,  J.  R. ,  "Pilot  Error 

Accidents  Aren't  All  Pilot,"  United  States  Army  Agency  for 
Aviation  Safety,  May  1975. 


25 


APPENDICES 


27 


Task  Error  and  Material  Failure/Maltunction 

Unknown 

Inadequate  flight  planning:  before  or  during  mission  (e.g.,  weather 
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Small  limbers  in  cells  refer  to  case  numbers.  Large  number  in  cells  refers  to  the  number  of  occurrences. 
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numbers.  Large  number  in  cells  refers  to  number  of  occurrences, 


Small  numbers  in  cells  refer  to  case  numbers.  Large  number  in  cells  refers  to  the  number  of  occurrences. 


APPENDIX  E 

DISTRIBUTION  OF  REMEDIAL  MEASURES  ACROSS  SYSTEM  INADEQUACIES  OR  HAZARDS 
FY  78  ARMY-WIDE  AIRCRAFT  ACCIDENTS 
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APPENDIX  F 


METHOD 


Data  Source 


The  data  used  for  this  report  was  obtained  by  a  review/analysis  of 
all  Army  aircraft  accidents  that  occurred  in  FY  78.  As  summarized  in 
Table  1,  a  total  of  69  accidents  could  be  analyzed  according  to  the 
requirements  of  the  3W  method.  Twenty-one  accident  reports  contained 
insufficient  information  to  perform  the  required  analysis,  i.e.,  investi¬ 
gators  could  not  identify  definite  failures  or  failure  "causes"  for  man 
or  machine.  Also  shown  in  the  table  are  the  associated  dollar  costs 
(personnel  injury  +  aircraft  damage  *  property  damage) . 

TABLE  1. — FY  78  Army  Aircraft  Accidents 


Number 

Cost 

Accidents  analyzed  in  this  report 

69 

$19,191,478 

Accidents  which  had  insufficient 
information  to  perform  analysis 

21 

$12,335,987 

Total  FY  78  accidents 

90 

$31,527,465 

Individual  Analysis 

These  69  aircraft  accidents  were  individually  analyzed  by  accident 
investigation  using  the  3W  approach.  This  approach  is  based  on  a 
conceptual  framework  adapted  from  a  model  by  Ricketson,  1975.  Figure  1 
presents  a  model  of  the  human-error  accident.  The  premise  of  this  model 
is  that  when  one  or  more  of  the  12  basic  elements  of  the  aviation  system 
do  not  operate  as  intended,  an  overload  (item  13)  is  placed  on  the  man's 
role  in  the  system  (item  14).  That  is,  the  man  must  continue  to  perform 
normal  tasks  while  correcting  for  the  abnormal  system  condition.  If 
the  overload  is  of  such  magnitude  or  persistence  that  the  man  cannot 
cope  with  it  and  continue  to  perform  normal  tasks,  he  begins  to  make 
errors  (item  15).  Most  of  these  errors  do  not  result  in  an  accident 
(item  16).  But,  as  the  magnitude  and  frequency  of  errors  increase,  the 
likelihood  of  the  error  causing  an  accident  increases.  When  an  accident 
occurs  that  has  been  caused  by  a  human  error (s),  it  is  probable  that 
this  error  has  occurred  many  times  before  the  accident  happened  and 
is  likely  to  continue  to  occur  unless  some  remedial  action  is  taken. 


I 


FIGURE  1  .-Model  of  Human  Error  Accident 

This  basic  model  was  used  to  develop  the  approach  outlined  in 
table  2.  The  approach  requires  the  accident  investigation  board  to 
identify  what  happened,  what  caused  or  allowed  it  to  happen,  and  what  to 
do  about  it  (3W)  with  respect  to  man  as  a  cause  factor,  the  machine  as 
a  cause  factor,  and  the  environment  as  a  cause  factor.  This  report  only 
addresses  the  man  and  machine  cause  factors. 

TABLE  2. — 3W  Approach  to  the  Investigation, 

Analysis,  and  Prevention  of  Accidents 


What  to  Do 


Accident  Cause 

What  Happened 

What  Caused  It 

About  It 

Acronym 

Man 

Task  Error 

System 

Inadequacies 

Remedial 

Measures 

TEIR 

Machine 

Failure  or 
Malfunction 

System 

Inadequacies 

Remedial 

Measures 

FIRE 

♦ 

Human  Error.  The  acronym  for  the  3W  approach  to  the  investigation, 

analysis,  and  prevention  of  human-error  accidents  is  TEIR.  The  elements  # 

of  TEIR  are  defined  as  follows: 


1.  A  task  error  (TE)  is  job  performance  which  deviated  from  that 
required  by  the  operational  situation  and  caused  or  contributed 
to  an  accident.  Required  performance  includes  that  stipulated 
by  (a)  school  training,  (b)  on-the-job  training,  (c)  U.S.  Army 
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regulations  and  guidelines,  (d)  standing  operating  procedures, 
or  (e)  commonly  accepted  practices.  An  error  is  assigned 
only  when  it  is  judged  that  a  person  of  normal  or  reasonable 
competence  could  have  performed  the  task  correctly  in  the 
existing  operational  situation. 

2.  A  system  inadequacy  (I)  or  hazard  is  an  element  of  the  aviation 
system  that  did  not  operate  as  intended  or  designed.  An  1  is 
assigned  only  when  it  is  judged  to  have  caused,  allowed,  or 
contributed  to  the  occurrence  of  a  TE.  More  than  one  I  may  be 
assigned  to  a  given  TE. 

3.  A  remedial  measure  (R)  is  an  action  required  to  correct  or  at 
least  reduce  the  operational  impact  of  an  I.  The  R  may  be 
directed  at  any  command  level  for  implementation  and  is  not 

to  be  restricted  by  current  technology  or  budgetary,  personnel 
and  equipment  resources.  More  than  one  R  may  be  recommended 
for  a  given  I. 

Materiel  Failure.  The  3W  approach  relating  to  materiel  failure/malfunc 
tions  is  also  based  on  the  conceptual  framework  adapted  from  Ricketson' 
(1975)  model.  Figure  2  presents  a  model  of  the  materiel  failure/ 
malfunction  accident. 


FIGURE  2.-3W  Model  of  Mishap  Caased  by  Materiel  Failare/Malfhactloa 


The  acronym  for  the  3W  approach  to  the  investigation,  analysis, 
and  prevention  of  mishaps  caused  by  materiel  failure/malfunction  is  FIRE. 
The  elements  of  FIRE  are  defined  as  follows: 

(1)  A  materiel  failure/malfunction  (F)  is  a  component  or  system 
that  (a)  ceases  to  operate  entirely,  (b)  operates,  but  not  as 
designed  or  intended,  (c)  operates  as  designed,  however, 
operational  needs  require  enhanced  performance.  A  materiel 
failure/malfunction  is  considered  for  analysis  only  when  it  is 
judged  to  have  caused  or  contributed  to  the  mishap,  not 
resulted  from  the  mishap. 

(2)  A  system  inadequacy  (I)  is  an  element  of  the  aviation  system 
that  did  not  operate  as  intended  or  designed.  An  I  is  assigned 
only  when  it  is  judged  to  have  caused,  allowed,  or  contributed 
to  the  occurrence  of  an  F.  More  than  one  I  may  be  assigned  to 
a  given  F. 

(3)  A  remedial  measure  (RE)  is  an  action  required  to  correct  or  at 
least  reduce  the  operational  impact  of  an  I.  The  RE  may  be 
directed  at  any  command  level  for  implementation  and  is  not  to 
be  restricted  by  current  technology  or  budgetary,  personnel, 
and  equipment  resources.  More  than  one  RE  may  be  recommended 
for  a  given  I. 

Individual  Accident  Analysis.  Figure  3  shows  the  general  process  by 
which  the  individual  analysis  of  an  accident  was  accomplished. 


FIGURE  3.-ldentlfication  of  Hazards  in  Each  Individual  Accident 


1.  Accident  Occurrence. 

Once  an  aircraft  mishap  occurred,  the  mishap  classification  was 
determined  IAW  procedures  outlined  in  AR  385-40,  Accident  Reporting  and 
Records.  This  AR  lists  five  principal  aircraft  mishap  classifications: 
(1)  major  accident;  (2)  minor  accident;  (3)  incident;  (4)  forced 
landing;  and  (5)  precautionary  landing.  This  report  will  include  only 


F-4 


those  mishaps  falling  into  the  "major"  and  "minor"  accident  categories. 

For  further  definition,  the  "major"  accident  classification  was  divided 
into  two  groups --"major  total"  and  "major  substantial."  The  "major  total" 
classification  refers  to  those  "major"  accidents  in  which  the  aircraft 
was  damaged  to  the  extent  that  repair  would  not  be  feasible.  The 
"major  substantial"  (usually  referred  to  as  "major"  only)  classification 
refers  to  those  "major"  accidents  in  which  a  substantial  amount  of  damage 
was  done. 

2.  Identify  Human  Errors  and/or  Materiel  Failures. 

The  first  step  in  the  identification  of  hazards  in  each  accident 
was  to  determine  what  happened,  e.g.,  what  human  errors  and/or  materiel 
failures/malfunctions  occurred  that  contributed  to  THIS  accident.  This 
was  done  using  the  concepts  and  procedures  outlined  in  AR  95-5,  chapter 
11.  According  to  these  procedures,  all  duty  positions  and  all  hardware 
systems  would  be  investigated  to  determine  if  any  contributed  to  the 
accident.  Only  those  failures  (human  errors  and  materiel  failure/ 
malfunctions)  that  directly  contributed  to  the  accident  were  considered 
for  this  report. 

Accident  investigation  and  reporting  are  usually  divided  into  two 
major  phases:  precrash,  which  includes  everything  up  to  and  including 
the  accident  sequence;  and  postcrash,  e.g.,  the  survival  and  rescue 
phase.  Only  those  human  errors  and  materiel  failures/malfunctions  that 
caused/allowed/contributed  to  the  precrash  phase  of  the  accident  were 
considered  for  this  report.  The  definitions  of  these  human  and  materiel 
failures  were  previously  given. 

3.  Determine  Cause(s)  of  Identified  Errors  and/or  Failures. 

When  the  human  errors  and/or  materiel  failures/malfunctions  had  been 
identified,  the  next  step  was  to  determine  what  problem  within  the  aviation 
system  (Refer  to  models  in  Figures  1  and  2)  caused  or  allowed  the  error 
or  failure.  Often  it  is  possible  to  identify  what  happened  (error  that 
was  made  or  part  that  failed)  but  not  what  caused  it.  This  lack  of 
information  can  be  attributed  to  several  things:  (1)  catastrophic 
accident  in  which  all  occupants  were  killed  and  physical  evidence  (air¬ 
craft)  was  destroyed;  (2)  human  error  took  place  by  person  who  could  not 
be  identified,  e.g.,  maintenance  personnel  at  either  unit  or  overhaul 
facility  incorrectly  routed  hydraulic  line;  (3)  cause  of  component 
failure  could  not  be  determined  by  teardown  analysis  facility;  (4)  board 
could  not  identify  any  definite  human  error  or  materiel  failures. 


4.  Suggest  Remedial  Measures. 

Once  the  failure  and/or  error  had  been  identified  and  the  problem 
within  the  system  that  caused  or  allowed  it  had  been  determined,  the 
next  step  was  to  suggest  action  to  be  taken  to  remedy  the  system  problem. 
This  remedy  can  be  aimed  at  any  level  of  command  as  it  is  not  bound  by 
current  manpower,  budget,  or  state-of-art  limitations.  Also,  more  than 
one  remedy  may  be  needed  to  solve  the  problem  or  reduce  its  effect  on 
operations. 

5.  Place  Individual  Findings  into  3W  Format. 

Category  numbers  (see  appendix  A)  were  assigned  to  each  contributing 
error  or  failure,  its  cause(s)  and  associated  remedial  measure(s).  This 
procedure  requires  that  all  the  basic  information  concerning  each  acci¬ 
dent  be  coded  into  a  form  that  lends  itself  to  computerization.  These 
basic  elements  include  type  aircraft,  duty  position,  accident  classifi¬ 
cation,  materiel  costs,  injury  costs,  etc. 

Collective  Analysis.  Figure  4  shows  the  process  by  which  the  overall 
analysis  was  accomplished. 


FIGURE  4.— Sequence  of  Overall  Analysis 


1.  Collection,  Coding  and  Review. 


When  each  individual  accident  had  been  reviewed  and  a  3W  analysis 
completed  for  those  containing  sufficient  information,  they  were 
collated  for  a  collective  analysis. 

2.  Hazard  Identification. 

All  hazards  that  occurred  in  FY  78  are  identified  iri  table  3. 

These  were  identified  by  system  inadequacy  or  hazar3xeitegory 
(appendix  A)  and  presented  by  frequency  of  occurrence.  Any  problem  that 
occurred  once  based  on  the  philosophy  of  the  model  at  figure  1  has  a 
likelihood  of  occurring  again.  For  this  reason,  each  hazard  that 
occurred  is  presented. 

3-6.  Elements  Used  for  Determing  Hazard  Significance  Level, 
a.  Ranking  According  to  Frequency. 

Each  hazard  category  was  evaluated  based  on  its  frequency  of 
occurrence  and  placed  in  the  appropriate  frequency  index  shown  in  table 

3.  The  format  and  rationale  for  this  frequency  ranking  procedure  was 
modeled  after  reference  5. 


TABLE  3.- 

-System  Hazard  Frequency  Ranking 

FREQUENCY 

DESCRIPTIVE 

MATHEMATICAL 

INDEX 

NOMENCLATURE 

DEFINITION 

A 

Frequent 

0.2<f* 

B 

Reasonably  frequent 

0.KK0.2 

C 

Occasional 

.05<f<0.1 

D 

Remote 

.01<  f<  .05 

E 

Improbable 

f<.01 

*f  is  defined  as  the  relative  frequency  of  hazard  occurrence. 

Frequency  of  occurrence  of  hazard 
Number  of  man/machine  failures 

b.  Ranking  According  to  Injury  Severity. 

Each  system  hazard  was  evaluated  relative  to  the  severity  of  the 
injuries  associated  with  it.  This  evaluation  placed  each  system  hazard 


into  one  of  the  injury  severity  ranks  shown  in  table  4.  The  rationale 
and  format  for  this  ranking  procedure  was  taken  from  reference  5. 


TABLE  4.-Injury  Severity  Ranking 


SEVERITY 

INDEX 

DESCRIPTIVE 

NOMENCLATURE 

DEFINITION 

I 

Life-threatening 

Results*  in  fatal  injury 

n 

Serious 

Results  in  disabling  injury 

in 

Marginal 

Results  in  nondisabling  injury 

IV 

Negligible 

No  injury 

*  Worst  credible  result 

The  injury  definitions  ate  based  on  guidelines  in  DODI  1000.19. 


c.  Determine  Aircraft  Damage  Severity. 

Each  system  hazard  was  evaluated  relative  to  the  severity  of  aircraft 
damage  associated  with  it.  This  evaluation  placed  each  hazard  into  one 
of  the  ranks  shown  in  table  S. 


TABLE  5. -Aircraft  Damage  Severity  Ranking 


SEVERITY 

INDEX 

a 

b 

c 


DESCRIPTIVE 

NOMENCLATURE 

Total 

Major 

Minor 


DEFINITION 

Results  in  total  loss*  damage 
Results  in  major  damage 
Results  in  minor  damage 


*Aitcraft  damage  classifications  are  based  on  procedures  and  criteria 
described  in  Army  Regulation  385-40. 


d.  Determine  cost  of  hazards. 

Each  of  the  system  hazards  was  evaluated  relative  to  the  costs  asso¬ 
ciated  with  it.  This  cost  is  the  sum  of  aircraft  damage,  injury,  and 
property  damage  costs.  These  costs  were  proportioned  by: 
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System  Hazard  Cost 


=  Total  Cost  of  Accident 
Number  of  Hazards 
(System  inadequacies) 
Identified  in  the  Accident 


For  Example 

Case  #215  System  Hazard  Cost  =  $93460 

4 

System  Hazard  Cost  =  $23365 

The  method  used  to  arrive  at  the  dollar  cost  associated  with  each 
hazard  category  involved  the  addition  of  all  dollar  costs  of  the  cases 
in  which  a  particular  hazard  was  a  factor.  This  approach  assigns  the 
same  dollar  cost  weight  to  each  hazard  identified  in  the  accident.  No 
attempt  was  made  to  apply  differential  weights  to  the  hazards  (cause 
factors) . 

7.  Overall  Ranking  of  Hazards  (HSL  Analysis). 

The  results  of  evaluating  each  hazard  according  to  its  frequency  and 
severity  (as  described  above)  were  used  to  place  the  hazards  into  overall 
significance  groups.  Frequency  and  severity  rankings  of  each  hazard 
were  weighted  equally  in  this  process.  Table  6  indicates  how  all  hazards 
were  placed  into  one  of  ten  groups  as  determined  by  the  combination  of 
frequency  and  severity  indices. 

TABLE  6. -Hazard  Significance  Groups  Based  on  Frequency, 

Aircraft  Damage,  Injury  Severity,  and  Cost 


Slguiflcaacc 

Gioap 


ladei 


SIplflciKe 

Gtoap 


Ala 


2 

Alla, 

Alb, 

Bta 

2 

3 

AUla, 

AUb, 

Ale, 

Blla, 

Bib, 

Cla 

3 

4 

AlVa, 

AiUb, 

AIlc, 

BUla, 

BUb, 

BIc, 

Clla, 

CIb, 

DIa 

4 

5 

AlVb, 

AUlc, 

BlVa, 

Billb, 

Bile, 

Cilia, 

Cllb,  Clc, 

Dlla.  DIb,  Ela 

5 

6 

AIVc, 

BlVb, 

BlIIc, 

CIVa, 

CHIb,  C!fc, 

Dllla,  DUb,  Die,  Ella, 

Elb 

6 

7 

BIVc, 

CIVb,  CUIc, 

DiVa,  DDIb,  DUc,  Ellla, 

Elf  b,  EIc 

7 

8 

CIVc, 

DIVb,  DUlc,  ElVa, 

Elllb,  Ellc 

8 

9 

DIVc, 

ElVb,  EOlc 

9 

10 


ElVc 


10 


The  hazards  within  each  group  were  then  rank-ordered  according  to 
accident  costs.  As  a  result,  the  ordered  list  comprises  a  "totem  pole" 
of  aviation  hazards. 


8.  Integrate  Corrective  Actions  Taken  or  In  Progress  to  Remedy  Individual 
Hazards . 


At  this  point,  only  the  hazard  identification  stage  had  been  completed. 
The  next  step  involved  the  identification  of  prevention  actions  for  hazards 
on  a  case  by  case  basis.  These  prevention  actions  were  obtained  from 
USASC  managers  for  each  type  aircraft  and  were  integrated  with  the  TEIR 
and  FIRE  narrative  for  each  accident  case  in  appendix  G. 

9.  Identify  Hazard  Prevention  Requirement. 

The  final  step  (item  10)  was  to  analyze  the  collective  nature  of 
the  FY  78  aviation  hazards  and  to  identify  the  most  pressing  prevention 
requirements.  The  identification  of  prevention  requirements  was  based 
on  the  HSL  analysis  and  the  judgment  of  human  factors  specialists  and 
the  aircraft  system  managers  at  USASC.  The  results  are  reported  in  table 
3  of  the  report.  This  process  allows  for  the  incorporation  of  preven¬ 
tion  requirements  based  on  more  than  statistics  alone.  It  allows  for 
the  incorporation  of  specialty  expertise  not  always  available  to 
accident  investigators,  as  well  as  for  knowledge  of  hazards  that  transcends 
that  found  in  an  accident  report,  i.e.,  state-of-the-art  prevention 
capabilities. 
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